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MOLD FOR MANUFACTURING A WIND
TURBINE BLADE AND A METHOD FOR
MANUFACTURING A WIND TURBINE
BLADE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to European Patent Appli-
cation No. 19176914.0, having a filing date of May 28,
2019, the entire contents of which are hereby incorporated
by reference.

FIELD OF TECHNOLOGY

The following relates to a mold for manufacturing a wind
turbine blade and a method for manufacturing a wind turbine
blade using the mold.

BACKGROUND

Conventionally, blades for wind turbines are manufac-
tured 1n a closed mold with a mold core 1nside upper and
lower mold components forming a mold cavity in the shape

of the wind turbine blade. EP 1 310 351 B1 discloses such

a process in which, after placing fiber material and core
material 1n the mold cavity, vacuum 1s applied and a curable
resin-like matrix 1s injected via a filling pipe. Afterwards, the
resin-like matrix 1s cured by applying heat.

The upper mold component used 1n such a process has
high weight and hence requires a crane with a high lifting
capacity to lift 1t on and ofl the lower mold component. An
appropriate crane 1s an expensive investment. Furthermore,
the crane may represent a bottleneck timewise since the
crane as well as the crane operator need to be available when
an upper mold has to be lifted on or off the lower mold.

In addition to that, the upper mold component requires
suilicient structural stiflness and 1s therefore a tall structure.
When lifted on or ofl the lower mold component, the upper
mold component needs to be lifted high enough to have
clearance over the wind turbine blade and the wind turbine
blade root arranged inside the mold cavity. For that reason,
the upper mold component sets the requirements of the
floor-to-ceiling height 1n a production hall. A bigger tloor-
to-ceiling height increases building costs, whereas a lower
tfloor-to-ceiling height limits the size of the blades that can
be manufactured in an existing production hall.

SUMMARY

An aspect relates to providing an improved mold and
method for manufacturing a wind turbine blade.

Accordingly, a mold for manufacturing a wind turbine
blade 1s provided. The mold comprises a lower mold com-
ponent, and an upper mold component, wherein the lower
mold component and the upper mold component form a
mold cavity in the shape of a wind turbine blade, and the
upper mold component comprises at least two upper mold
parts.

The mold 1s advantageous in that the requirements for the
floor-to-ceiling height of a production hall are decreased for
a given blade size since lifting the upper mold component
above the height of the wind turbine blade 1s not required
anymore. Further, requirements regarding the crane capacity
in the production hall are also decreased since each of the
upper mold parts has less weight than an upper mold
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component forming a single piece. Accordingly, a crane with
a lower lifting capacity suflices.

According to an embodiment, at least one of the upper
mold parts 1s configured to be moved sideways and/or to
rotate with respect to the lower mold component to open the
mold cavity.

Moving sideways means that the upper mold part per-
forms a lateral (horizontal) movement with respect to the
lower mold component. Rotating means that the upper mold
part performs a movement around a rotation axis which 1s in
parallel to the longitudinal axis of the wind turbine blade.

According to a further embodiment, at least one of the
upper mold parts 1s movably connected to the lower mold
component to open and close the mold cavity. “Movably
connected” imncludes means connecting the upper mold part
and the lower mold component and allowing relative dis-
placement and/or rotation.

According to a further embodiment, at least one of the
upper mold parts 1s rotatably connected to the lower mold
component to open and close the mold cavity.

A rotatable connection may be realized with hinges that
connect an upper mold part and the lower mold component,
wherein the hinges may be attached to a side wall of the
lower mold component.

According to a further embodiment, the mold comprises
guide rails configured to guide, for opeming the mold cavity,
one of the upper mold parts from a position in which the
mold cavity 1s closed to a position 1n which the upper mold
part 1s positioned adjacent to the lower mold component and
the mold cavity 1s open.

This allows easy operability of the mold.

According to a further embodiment, at least one of the
upper mold parts 1s configured to serve as a scaflolding for
workers to stand on and reach into the mold cavity.

This has the advantage that the upper mold part even
serves a function when the mold 1s open, hence rendering the
use of an additional scaflolding superfluous and thereby
saving space in a production hall.

According to a further embodiment, the scaflolding is
provided by rotating the upper mold part with respect to the
lower mold component 1into a position 1 which the upper
mold part 1s adjacent to the lower mold component.

According to a further embodiment, the scaflolding 1is
provided by moving the upper mold part sideways and
downwards with respect to the lower mold component into
a position 1 which the upper mold part 1s adjacent to the
lower mold component.

According to a further embodiment, the scaflolding 1is
configured to rotate so as to form a horizontal platform when
the least one of the upper mold parts has been moved
sideways and/or rotated with respect to the lower mold
component to open the mold cavity.

According to a further embodiment, the mold comprises
an actuator configured to move at least one of the upper
mold parts sideways and/or to rotate at least one of the upper
mold parts.

This has the advantage that an opening and closing of the
mold can be carried out without the need of an external or
additional crane. The actuator 1s, for example, a hydraulic
piston or a threaded spindle driven by an electric motor.

According to a further embodiment, the upper mold parts
are split along a longitudinal axis of the wind turbine blade
and/or wherein the upper mold parts are split along a
transverse axis ol the wind turbine blade.

Providing an upper mold component which 1s split along
the longitudinal axis as well as the transverse axis has the
advantage that multiple spanwise upper mold parts can be
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obtained which further eases handling for each of the upper
mold parts due to a reduced weight and smaller dimensions.
Further, costs are reduced since the upper mold parts are
lighter and need less material.

According to a further embodiment, the mold comprises
a sealing means configured to seal the upper mold parts
against each other, wherein, the sealing means 1s arranged on
the outer surface of the upper mold parts or between the
upper mold parts.

The sealing means 1s configured to maintain a vacuum
during the resin infusion process.

According to a further aspect, the present invention relates
to a method for manufacturing a wind turbine blade using
the aforesaid mold.

According to an embodiment, the method comprises
moving at least one of the upper mold parts sideways and/or
rotating at least one of the upper mold parts with respect to
the lower mold component to give access to the lower mold
component.

According to a further embodiment, the wind turbine
blade 1s manufactured inside the mold by an autoclave
process and/or a resin intusion process and/or by applying
vacuum to the mold cavity.

The resin 1s, for example, an epoxy. A lay-up of fibers
(glass, carbon, etc.) mside the closed mold cavity 1s infused
with the resin using vacuum. Heat 1s applied to cure the
resin.

The embodiments and features described with reference
to the apparatus of the present invention apply mutatis
mutandis to the method of the present invention.

Further possible implementations or alternative solutions
of the embodiment of the present invention also encompass
combinations—that are not explicitly mentioned herein—of
features described above or below with regard to the
embodiments. The person skilled in the art may also add
individual or 1solated aspects and features to the most basic
form of the present invention.

BRIEF DESCRIPTION

Some of the embodiments will be described 1n detail, with
reference to the following figures, wherein like designations
denote like members, wherein:

FIG. 1 depicts, 1n cross-section, a mold for manufacturing
a wind turbine blade according to an embodiment;

FI1G. 2 depicts, 1n cross-section, a mold for manufacturing,
a wind turbine blade according to another embodiment;

FIG. 3 depicts, 1n cross-section, a mold for manufacturing,
a wind turbine blade according to yet another embodiment;

FIG. 4 depicts, 1 cross-section, a sealing means for a
mold according to an embodiment;

FIG. 5 depicts, 1n cross-section, a sealing means for a
mold according to another embodiment;

FIG. 6 depicts, 1n cross-section, a sealing means for a
mold according to yet another embodiment;

FI1G. 7 depicts, 1in cross-section, two upper mold parts not
properly aligned to each other when the mold cavity 1s
closed:

FIG. 8 depicts, 1 cross-section, a recess caused by
misaligned upper mold parts that 1s filled with a filler; and

FI1G. 9 depicts a flowchart illustrating a method of manu-
facturing a wind turbine blade using the mold.

DETAILED DESCRIPTION

In the Figures, like reference numerals designate like or
functionally equivalent elements, unless otherwise indi-
cated.
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FIG. 1 shows a mold for manufacturing a wind turbine
blade according to an embodiment.

The mold 1 comprises a lower mold component 2 which
1s arranged on the floor 3 of a production hall and an upper
mold component 4. The lower mold component 2 and the
upper mold component 4 may form a mold cavity 5 1n the
shape of a wind turbine blade 6. The upper mold component
4 comprises two upper mold parts 7 which, for example,
may be arranged on the lower mold component 2 using a
crane.

According to the embodiment of FIG. 1, a (cured) wind
turbine blade 6 1s located in the cavity 5 of the lower mold
component 2. In order to access the cavity 3, the upper mold
parts 7 are moved sideways as indicated by the arrows.
Hence, the wind turbine blade 6 1s exposed without the need
to 1ift the upper mold parts 7 above the maximum height of
the wind turbine blade 6 (the height corresponds to the
z-direction 1n FIG. 1).

The upper mold component 4 1s thus split sideways (said
direction 1s designated y) into the two upper mold parts 7,
1.e. 1n the hornizontal direction and at right angles with
respect to the longitudinal direction x of the wind turbine
blade 6. Also, the upper mold component 4 may be split in
multiple upper mold parts 1n the x direction (not shown).

Placing the upper mold parts 7 on the lower mold com-
ponent 2a (closed mold cavity 5) and removing the same
again (open mold cavity 5) may be achieved using a crane
with a lifting yoke to evenly distribute the loads caused by
the upper mold parts 7. Or, as illustrated 1n FIG. 2, hydraulic
pistons 20 are provided which are configured to move each
upper mold part 7 so as to open and close the mold cavity
5, 1n particular sideways.

FIG. 2 shows a mold for manufacturing a wind turbine
blade according to another embodiment.

According to the embodiment of FIG. 2, the upper mold
parts 7 are movably connected to the lower mold component
2 to open and close the mold cavity 5. A movement from a
position 1 which both upper mold parts 7 are positioned
adjacent to the lower mold component 2 and the mold cavity
5 1s open to a position 1 which the mold cavity 3 1s closed
1s 1indicated by the arrows.

In the present case, the upper mold parts 7 are rotatably
connected to the lower mold component 2 by means of
hinges 8. A respective axis of rotation extends parallel to the
wind turbine blade 6 (lengthwise direction x). When
arranged 1n an mtermediate position (between the fully open
and closed position—indicated in dashed lines), the upper
mold parts 7 may serve as a scaflolding 19 to stand on and
reach into the mold cavity 5. Or, a scaflolding 19 may be
rotated to provide a horizontal platform where the upper
mold parts 7 have been rotated into their fully open position.

FIG. 3 shows a mold for manufacturing a wind turbine
blade according to yet another embodiment.

According to this embodiment, the mold 1 comprises
guide rails 9 which are configured to guide, for opening the
mold cavity 5, the upper mold parts 7 from a position in
which the mold cavity 3 1s closed to a position 1n which the
upper mold parts 7 are positioned adjacent to the lower mold
component 2 and the mold cavity 5 1s open. In the present
case, only the upper mold part 7 on the right side 1is
positioned adjacent to the lower mold component 2.

The upper mold part 7 on the right side of FIG. 3 serves
as a scallolding 19 for a worker 10 to stand on and reach into
the mold cavity 5. The scaflolding 19 1s provided by moving
the upper mold part 7 sideways and downwards with respect
to the lower mold component 2 1nto a position 1n which the
upper mold part 7 1s adjacent to the lower mold component
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2. For example, the upper mold parts 7 are connected to the
guide rails 9 using levers 11 which slide 1n the guide rails 9.

FIG. 4 shows a sealing means 12 for a mold 1 according
to an embodiment.

The sealing means 12 1s configured to seal the upper mold
parts 7 against each other and 1s arranged on the outer
surface of the upper mold parts 7. According to the present
embodiment, the sealing means 12 comprises a plate 13 and
seals 14 sandwiched between the plate 13 and the upper
mold parts 7.

FIG. 5 shows a sealing means 12 for a mold 1 according
to another embodiment.

The sealing means 12 i FIG. 5 1s arranged between the
upper mold parts 7. For that purpose, end portions of the
upper mold parts 7 are equipped with a flange 15 and seals

14 are arranged between the flanges 15.

FIG. 6 shows a sealing means 12 for a mold 1 according
to yet another embodiment.

The sealing means 12 of FIG. 6 1s also arranged between
the upper mold parts 7. Each of the upper mold parts 7
comprises an end portion forming a step 135, wherein the
steps 15 are formed complementary to each other. Further-
more, seals 14 are arranged between the steps 15 to connect
the upper mold parts 7 to each other.

FIG. 7 shows two upper mold parts 7 which are not
properly aligned to each other when the mold 1 1s closed.

Such a misalignment may be caused due to tolerances that
may occur during manufacturing of the upper mold parts 7.
In order to avoid a negative impact on the manufacturing of
a wind turbine blade 6, an additional plate 16 1s positioned
between the wind turbine blade 6 and the upper mold parts
7. The plate 16 may be made of polypropylene, for example.
By providing such a plate 16, the transition between the
upper mold parts 7 can be smoothened and hence larger
tolerances of the mold geometry may be allowed.

FIG. 8 shows a recess caused by misaligned upper mold
parts 7 that 1s filled with a filler.

In case the upper mold parts 7 are not properly aligned to
cach other when the mold 1 1s closed, for example due to
variances caused in the production of the upper mold parts
7, and a plate 16 has not been positioned between the wind
turbine blade 6 and the upper mold parts 7, a recess 17 might
be caused. Such a recess 17 1n a casted wind turbine blade
6 1s treated by filling 1t with a suitable filler 18 after the upper
mold parts have been moved sideways or have been rotated
to gain access to the wind turbine blade 6.

Hence, this approach allows larger tolerances of the mold
geometry 1n the manufacturing of upper mold parts 7 as
well. Thus, upper mold parts 7 can be aligned to each other
regardless of their actual shape.

FIG. 9 shows a tlowchart illustrating a method for manu-
facturing the wind turbine blade 6 using the mold 1.

In a step S1, after placing fiber material and possibly other
core materials 1n the mold cavity § to form a wind turbine
blade 6, the upper mold parts 7 are moved sideways (and
possibly upwards) and/or are rotated with respect to the
lower mold component 2 to close the mold cavity 5.

In a step S2, the wind turbine blade 6 1s manufactured
inside the mold 1 by an autoclave process and/or a resin
infusion process and/or by applying vacuum to the mold
cavity 5.

In a step S3, the mold 1 1s opened by moving the upper
mold parts 7 sideways (and possibly downwards) and/or
rotating the upper mold parts 7 with respect to the lower
mold component 2 to give access to the lower mold com-
ponent 2.
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The casted wind turbine blade 6 1s then taken out of the
mold cavity S, possibly after being treated as explained in
connection with FIG. 8.

Although the present invention has been described in
accordance with preferred embodiments, 1t 1s obvious for the
person skilled 1n the art that modifications are possible 1n all
embodiments.

Although the present invention has been disclosed 1n the
form of preferred embodiments and variations thereon, 1t
will be understood that numerous additional modifications
and variations could be made thereto without departing from
the scope of the mvention.

For the sake of clarity, 1t 1s to be understood that the use
of “a” or “an” throughout this application does not exclude
a plurality, and “comprising” does not exclude other steps or
clements.

What 1s claimed:

1. A mold for manufacturing a wind turbine blade, the
mold comprising;:

a single stationary lower mold component that forms a
bottom half of a mold cavity, wherein the single sta-
tionary lower mold 1s arranged directly on a floor
surface; and

an upper mold component that forms a top half of the
mold cavity and 1s split into a first upper mold part,
which forms a first portion of the top half of the mold
cavity, and a second upper mold part, which forms a
second portion of the top half of the mold, along a
longitudinal axis of the wind turbine blade, the first
upper mold part and the second upper mold part
movably connected to the single stationary lower mold
component at opposing ends of the single stationary
lower mold component;

wherein at least one of the first upper mold part and the
second upper mold part 1s movable with respect to the
single stationary lower mold component such that,
when moved 1nto a position next to the single stationary
lower mold component, an outer surface of at least one
of the first upper mold part and the second upper mold
part forms a scaflolding adjacent to the single station-
ary lower mold component;

wherein the single stationary lower mold component and
the upper mold component form the mold cavity 1n a
shape of the wind turbine blade.

2. The mold according to claim 1, wherein the scafiolding

1s Tor workers to stand on and reach 1nto the mold cavity.

3. The mold according to claim 1, further comprising an
additional scaflolding that 1s a horizontal platform rotated
into position adjacent the mold cavity, when the at least one
of the first upper mold part and the second upper mold part
has been rotated into an open position.

4. The mold according to claim 1, further comprising an
actuator configured to move at least one of the first upper
mold part and the second upper mold part.

5. The mold according to claim 1, wherein the first upper
mold part and the second upper mold part are further split
along a transverse axis of the wind turbine blade.

6. The mold according to claim 1, further comprising a
sealing means configured to seal the first upper mold part
and the second upper mold part against each other, wherein,
the sealing means 1s arranged on an outer surface of the first
upper mold part and the second upper mold part or between
the first upper mold part and the second upper mold part.

7. The mold according to claim 1, wherein the bottom half
of the mold 1s a continuous surface defined by the single
stationary lower mold component.
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8. The mold according to claim 1, further comprising
guide rails, wherein the first upper mold part and the second
upper mold part are connected to the guide rails using levers
which slide 1n the guide rails to move at least one of the first
upper mold part and the second upper mold part with respect 3
to the single stationary lower mold component.

9. A method comprising: manufacturing the wind turbine
blade using the mold according to claim 1.

10. The method according to claim 9, further comprising
moving at least one of the first upper mold part and the 10
second upper mold part with respect to the stationary lower
mold component to form the scatlolding.

11. The method according to claim 9, wherein the wind
turbine blade 1s manufactured inside the mold by an auto-
clave process and/or a resin infusion process and/or by 15
applying vacuum to the mold cavity.
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